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Neutral lipid is stored in intracellular lipid droplets, whose biology remains incompletely understood. Recent
work by Farese and colleagues (Guo et al., 2008) takes a systematic genome-wide approach to comprehen-
sively identify processes regulating formation and metabolism of lipid droplets. The findings may offer novel
insights into diseases involving lipid storage.Intracellular lipid droplets (LDs) are the
principal sites of neutral lipid storage in eu-
karyotic cells and are therefore essential
reservoirs of cellular energy and mem-
brane lipid (Martin and Parton, 2006).
LDs consist of a central lipid core sur-
rounded by a phospholipid monolayer
and associated proteins. Traditionally, LDs
have been viewed as somewhat static and
simple lipid inclusions and have attracted
relatively little research interest. However,
over the last decade, LD biology has
emerged as a hotbed of molecular and
cell biological discovery. This interest is fu-
eled in largepartby theobservation that ex-
cess lipidstorage inmultiple tissues isacrit-
ical pathophysiological feature of obesity
and its complications, in particular diabe-
tes, atherosclerosis, and fatty liver disease.
Indeed, the obesity epidemic has led re-
searchers to focus on tissues not normally
associated with LD storage of neutral lipid.
For example, ectopic fat accumulation in
liver and skeletal muscle is both a marker
and a putative protagonist of obesity-asso-
ciated insulin resistance (Savage et al.,
2007).Macrophage ‘‘foamcells’’ storecho-
lesterol ester inLDs,a critical step in thede-
velopment of atherosclerosis (Glass and
Witztum, 2001). LDs are also implicated in
the pathogenesis of certain infectious
diseases, including hepatitis C, in which
LDs are important sites of viral propagation
(Miyanari et al., 2007). A new study by Guo
et al. (2008) systematically analyzing lipid
droplet function provides a number of new
insights into the biology of the LD.
Initial empirical findings on the dynamic
and potentially complex regulation of LDs
were generated approximately 15 years
ago in the NIH laboratory of Dr. Constan-
tine Londos with the identification of
perilipin, an adipocyte protein specifically
associatedwith the surfaceof LDs (Green-472 Cell Metabolism 7, June 2008 ª2008 Elsberg et al., 1991). In the basal state (i.e.,
the absenceof protein kinaseAphosphor-
ylation), perilipin inhibits lipolysis, thereby
facilitating triacylglycerol (TG) storage
within LDs; following catecholamine-stim-
ulated/protein kinaseA-dependent hyper-
phosphorylation (as in fasting or exercise),
perilipin stimulates lipolysis by facilitating
the colocalization of key lipases/lipase
activators at the LD surface (Brasaemle,
2007). Additional perilipin family members
were subsequently identified by sequence
homology, including the LD-associated
proteins ADRP, TIP47, S3-12, and OX-
PAT/MLDP (Brasaemle, 2007). More re-
cently, proteomic studies have revealed
the presence on LDs of ubiquitous and
highly conserved proteins with well-es-
tablished functions in fundamental cellular
processes, particularly vesicular transport
and fusion. The identification of LD-
associated Rabs, SNARES, and motor
and cytoskeletal proteins supported the
emerging view of the LD as a dynamic
organelle rather than an inert cytoplasmic
inclusion (Brasaemle, 2007; Liu et al.,
2004). Other work showed that many LD-
associated proteins were conserved
among Dictyostelium, Drosophila, and
mammals (Miura et al., 2002).
Despite these advances, our under-
standing of LD genesis, growth (lipogene-
sis), and breakdown (lipolysis) remained
rudimentary. What was required was
a global, systematic molecular dissection
of the natural history of these processes.
An ambitious and important first step
toward this goal has emerged from the
laboratories of Dr. Robert Farese, Jr. and
colleagues, who report the stringent iden-
tification of 227 genes that function in LD
formation and utilization. The study,
reported online in the April 13th, 2008
issue of Nature, ingeniously combinesevier Inc.a genome-wideRNAi screen inDrosophila
S2 cells with time-lapse confocal
microscopy, automated image acquisi-
tion, and biochemical assays (Guo et al.,
2008). Lipid accumulation in LDs was in-
duced by incubating S2 cells with exoge-
nous oleic acid, which is esterified into
TG and stored within LDs. LD size, num-
ber, and distribution were visualized by
the inclusion of a lipophilic fluorescent
dye, and TG accumulation was measured
biochemically. Time-lapse confocal mi-
croscopy established a stereotypic tem-
poral pattern of size and spatial distribu-
tion during LD formation. First, small
droplets increased in number in dispersed
locations throughout the cell. These drop-
lets subsequently increased in size and
then aggregated into one or several large
(often perinuclear) clusters. Lipolysis was
induced by serum withdrawal and as-
sessed as reduced LD size and enhanced
glycerol release.
Screening a double-stranded RNA
(dsRNA) library of >15,000 Drosophila
genes identified 132 genes that could be
categorized into five distinct phenotypic
classes of LD accumulation and spatial dis-
tribution, each with an effect on TG storage
(Figure 1). Class I genes, when knocked
down, showed reduced numbers of LDs
and included genes encoding subunits of
the proteasome and the spliceosome.
Knockdown of class II genes generated
smaller, dispersed LDs; class II included
genes encoding subunits of the COP9 sig-
nalosome, dynein, and RNA polymerase II.
Class III genes were exclusively a specific
subset of the Arf1-COPI vesicular transport
machinery that included the Arf1 family
memberArf79F, theguaninenucleosideex-
change factor (GEF) garz, and 6 of 8 mem-
bers of the COPI coat. Knockdown of these
genes resulted in slightly larger, more
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clustering and included members of the
translational machinery. Reduced function
of class V genes resulted in a reduced num-
ber of especially large LDs. Most class V
genes were linked to phospholipid biosyn-
thesis, including components of the sterol
regulatoryelement-bindingprotein (SREBP)
pathway, isoforms of phosphocholine cyti-
dylyltransferase (Cct1 and Cct2), and
CG2201, a putative choline kinase.
Guo et al. (2008) then undertook a more
detailed characterization of class III and
class V genes, including investigation of
the roleof thesegenes in lipolysis.Theycon-
firmed prior in vitro reports (Bartz et al.,
2007b) that the Arf1-COPI complex mi-
grates to and acts at the LD surface in
a GTP-dependent manner. They specu-
lated that the complex promotes LD
budding off, which would facilitate lipolysis
by increasing LD surface area accessible
to lipases. Indeed, knockdown of Arf79F
stabilized LDs and reduced glycerol release
following serum withdrawal, thus demon-
strating that the Arf1-COPI machinery is
required for efficient lipolysis in S2 cells.The class V phenotype is especially in-
triguing in light of a recent report thatmam-
malian LDs may contain more than 100
phospholipid species, including phospha-
tidylcholine (Bartz et al., 2007a). Guo et al.
(2008) demonstrate that Cct1 and Cct2
gene products, important enzymes in the
synthesis of phosphatidylcholine, were
located throughout the cytoplasm but mi-
grated with lipid (oleate) loading to the LD
surface, putatively the site of enzyme ac-
tion. Moreover, when Cct1 and Cct2 were
knocked down, the resulting class III phe-
notype (fewer and larger LDs; Figure 1)
resulted from LD fusion, presumably re-
flecting limiting amounts of phospholipid
available for LD biogenesis. In addition,
Cct1knockdownreduced lipolysis, consis-
tentwith the reduced surface area of larger
LDs accessible to lipolytic enzymes. How-
ever, these in vivo results conflict with
prior in vitro studies (Okuda et al., 1994)
demonstrating an inhibitory role of LD
phosphatidylcholine on lipolysis. The cellu-
larmechanismsbywhichclass III andclass
V genes regulate lipolysis remain to be
elucidated.Cell MetaboBy elegantly linking LD biology with
multiple and unexpectedly diverse cellular
processes, Guo et al. (2008) have firmly
established the LD as a bona fide dynamic
organelle and have expanded the ave-
nues of future research into human dis-
eases associated with lipid storage. Of
course, many questions remain. How are
protein turnover (class I genes) and pro-
tein translation (class IV genes) function-
ally integrated to regulate LD size and
metabolism in response to nutrient status
and energy metabolism? It is likely that
select class I and IV genes participate in
LD protein turnover during LD growth,
fusion, and lipolysis. Class II genes (e.g.,
dynein) presumably participate in intracel-
lular trafficking necessary for LD dynam-
ics. A daunting future challenge will be to
elucidate how the diversity of gene prod-
ucts and processes identified by Guo
et al. are functionally integrated in space
and time to regulate LD biology.
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(2007). Physiol. Rev. 87, 507–520.Figure 1. Schematic of Functional Genomic Screen for Genes Regulating Lipid Droplet
Physiology in Drosophila S2 Cells
A dsRNA library of >15,000 genes was screened in lipid (oleate)-loaded S2 cells for effects on lipid droplet
(LD) formation (Guo et al., 2008). The screen generated five phenotypic classes of LD size and spatial
distribution, each reflecting the actions of distinct and functionally related classes of genes.lism 7, June 2008 ª2008 Elsevier Inc. 473
